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Abstract 
The article proposes the method of obtaining sulphides concentrate from petroleum product consisting in hydrogenation of 
thiophene derivatives of petroleum distillates into sulphides and their subsequent extraction. The structural-group composition of 
concentrates extracted from the initial and hydrogenated distillates has been explored. 
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1. Introduction 
The main trends of modern petroleum refining are connected with the increase in depth of refinement and 
toughening of environmental standards. Involvement of heavier and heavier oil stock with high content of sulphur, 
nitrogen, metals, tars and pyrobitumen into refinement and hydrofining requires generation of settled resource-
saving technologies. 
Existing methods of desulfurization are based on hydrogenolysis of organic sulphur compounds on Al-Co-Mo, 
Al-Ni-Mo catalysts to hydrogen sulphide with its further transformation into elemental sulphur. In these processes 
sulphur organic oil compounds represented with sulfphides and thiophenes which are potentially valuable products, 
disappear irrevocably [1].  
Nowadays methods of sulphides isolation are developed well enough. The most widespread ones are extraction 
methods. Extraction of sulphuric oil compounds by solutions of metals chloride in organic solvents enables us to 
refine petroleum products from sulphuric compounds to 30 - 40 %. Different organic compounds such as spirits, 
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aldehydes, ethers and esters, nitro compounds, fluid sulphuric anhydride, phenol, sulfolane, etc. are used as high-
performance selective extractants. At the same time derived concentrates of sulphur organic compounds are notable 
for considerable content of thiophenes that limits their practical application [2, 3]. 
The paper is aimed at the production of sulphur organic compounds concentrates from oil distillates with 
increased sulphides content by using the electrophilic ionic hydrogenation system HSiEt3-CF3COOH. 
2. Study subject 
In oil distillates of Arlan and West Surgut oils, the mass content of total and sulphide sulphur increases with the 
rise of boiling limits. Fractional content of thiophene sulfphur in distillate of Arlan oil of 190-360оС (I) makes 66%, 
in high-boiling distillates of West Surgut oil of 360-410 оС (II) and 410-450 оС (III) makes 62% and 60%, 
respectively (Table 1). 
Table 1. Characteristics of sulphur organic compounds of Arlan and West Surgut oils distillates 
Distillates 
Distillate 
output from 
oil, % 
Average 
molecular 
weight 
Sulphur content, % 
in distillates in concentrates 
Stotal, 
wt. 
Ssulphide, 
wt. 
Sthioph., 
wt. 
Ssulphide,  
rel. 
Sthiophene
, rel. 
S total, 
wt. 
Ssulphide, 
wt. 
Ssulphide,  
rel. 
Sthioph.
, rel. 
I 26.2 160 2.00 0.67 1.33 34 66 13.40 9.40 64 21 
II 8.3 280 3.00 1.40 1.60 47 62 6.90 6.70 77 3 
III 7.6 320 3.20 1.28 1.92 40 60 6.40 5.20 71 16 
I –Arlan oil of 190-360 оС; II – West Surgut oil of 360-410 оС; III - West Surgut oil of 410-450 оС 
In concentrates of organic sulphur compounds extracted from distillates (I), (III) thiophenes make 21% and 16 % 
respectively, and from distillate (II) thiophenes make 3%. These data indicate that not all thiophenes derivatives are 
co-extracted by sulphuric acid. Enhancement of sulphides content in distillates and concentrates of sulphur organic 
compounds is feasible by means of hydrogenation of thiophene compounds which are present in oils. 
3. Methods 
The choice of the method of electrophilic ionic hydrogenation based on the ability of unsaturated compounds for 
protonation with generation of carbenium ions with further bonding of hydride ion for transformation of oil 
thiophenes into sulphides was grounded on the fact that the reaction occurs under mild conditions without 
destruction of hydrocarbon skeleton and has high selectivity [4]. Application of the system of ionic hydrogenation 
HSiEt3-CF3COOH enables to implement hydrogenation of thiophene compounds which are present in oil products 
to corresponding sulphides, what contributes to the process of their co-extraction by extractants. The control over 
reaction course was carried out by means of detection of total and sulphide sulphur before and after hydrogenation 
with the method of potentiometric titration. Thiophene sulphur was defined according to difference between total 
and sulphide sulphur. 
4. Results and discussion 
Experimental data have shown that thiophenes of distillate (I) are subjected to hydrogenation easiest of all. Thus, 
at reagents ratio (I):HSiEt3:CF3COOH=1:5:40 thiophenes conversion in this distillate reaches 68 %, while in the 
distillate (II) it is considerably lower – 29%. In similar conditions for fraction (III) thiophenes conversion makes up 
44%, what is more than for more low-boiling distillate (II) (Table 2).  
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Table 2. Results of hydrogenation of Arlan and West Surgut oils distillates with the system HSiEt3-CF3COOH. Time is 1 hour, t = +20оС 
Distillates Before hydrogenation, % Molar ratio 
D:HSiEt3: 
CF3COOH 
After hydrogenation, 
% 
Thiophenes 
conversion, % 
 Stotal, wt. Ssulphide, wt. Ssulphide, 
rel. 
Ssulph., 
wt. 
Ssulph., 
rel. 
(I) 2.0 0.67 34 
1:3:20 
1:3:40 
1:5:40 
1.35 
1.39 
1.58 
68 
70 
78 
51 
54 
68 
(II) 3.0 1.40 47 
1:3:20 
1:3:40 
1:5:40 
1.89 
1.83 
1.86 
63 
61 
62 
31 
27 
29 
(III) 3.2 1.28 40 
1:3:20*) 
1:5:40 
2.40 
2.12 
75 
66 
58 
44 
I –Arlan oil of 190-360 оС; II – West Surgut oil of 360-410 оС; III - West Surgut oil of 410-450 оС; *) – the  reaction was carried out at 0 оС. 
Extraction of organic sulphur compounds concentrates was implemented from hydrogenated distillates of 93% 
H2SO4 at temperature (+10оС) (table 3). In the process fractional content of sulphides in the concentrate of diesel 
distillate (I) has increased from 60 to 80%. 
Table 3. Characteristics of organic sulphur compounds concentrates isolated from initial and hydrogenated distillates of 93% H2SO4, t = (+10) оС 
Distillates, оС Concentrate isolated from initial distillate, % Concentrate isolated from hydrogenated distillate, % 
Yield, wt. Stotal, wt. Ssulphide, 
wt. 
Ssulphide, 
rel. 
Yield, wt. Stotal, wt. Ssulphide, 
wt. 
Ssulphide, 
rel. 
(I) 9.0 11.6 7.0 60 9.5 11.6 9.8 86 
(II) 10.1 6.9 6.7 97 12.5 8.3 8.2 99 
(III) 5.8 6.4 5.2 81 9.0 8.9 8.5 96 
I –Arlan oil of 190-360 оС; II – West Surgut oil of 360-410 оС; III - West Surgut oil of 410-450 оС 
In concentrates isolated from high-boiling distillates there is an increase in not only sulphide sulphur, but also 
total sulphur at the expense of extraction of hydrogenated compounds of residual sulphur. The reason for this fact is 
that in distillates (II) and (III) content of thiophenes makes 53 and 60% from total sulphur (table 1), considerable 
part of them is not extracted by sulphuric acid. 
As a result of hydrogenation difficult-to extract thiophenes change into thiophanes and become available for 
extraction. This explains considerable increase of sulphides concentrates yield for (II) and (III) (table 3). 
Table 4. Structural-group composition of organic sulphur compounds concentrates extracted from 93% H2SO4 distillate of 190-360оС before and 
after hydrogenation with HSiEt3-CF3COOH system 
Characteristic sum of ions 
>6@ 
Structure type Concentrate composition, mass % 
from initial distillate from hydrogenated 
distillate* 
Sulphides  
47 
R S R  
1.8 6.7 
68 S R
 
4.7 7.2 
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87 
S
R
 
29.6 41.8 
127 
S
R
 
19.2 20.4 
167 
S
R
 
10.4 12.2 
Total 
 
65.7 88.3 
Thiophenes 
97 
S
R
 
12.5 0.5 
135 
S
R
 
7.5 6.1 
147 
S
R
 
3.4 0.3 
171 
S
R
 
4.5 3.5 
197 
S
R
 
2.6 0.8 
110 S R
 
3.4 0.4 
160 S R
 
0.4 0.1 
Total  34.3 11.7 
 
Comparative analysis of structural-group composition of organic sulphur compounds concentrates extracted with 
the mass spectrometry method before and after hydrogenation indicates that in initial concentrate extracted from 
93% H2SO4 of 10 оС (I) there are thiamonocycloalkanes, characteristic sum of ions is ∑97, predominately С12-С15. 
The maximum of their chain-length distribution goes to С13, radical C3 is found most often. The degree of 
alkylthiophenes substitution is presumably ≈ 2-3. Tiabicycloalkanes ∑127 are represented mainly with С11-С15, and 
tiatricycloalkanes ∑167 are represented with С13-С15 with the maximum chain-length distribution on С13 and С14, 
respectively (table 4). Thiophenes are represented with the range of homologous series of alkylthiophenes 
descending in the sequence ∑97!135!147, dinaftobenzothiophenes ∑171 and alkyldibenzothiophenes ∑ 197.  
In organic sulphur compounds concentrates extracted from hydrogenation products (I) content of tiacycloalkanes, 
especially thiamonocycloalkanes ∑87, has increased. At the same time the maximum of chain-length distribution is 
somewhat shifted towards larger masses (С14), the radicals С2 and С4 are found most often. Among tiabicycloalkanes 
the maximums of chain-length distribution С11-С12, С16 и С18 have been found, i.e. there is also maximums shift. 
There are predominantly С16H18S > C14H24S > C18H24S among tiatricycloalkanes. 
Table 5. Structural-group composition of organic sulphur compounds concentrates isolated from high-boiling concentrates of 93% H2SO4 before 
and after hydrogenation with the system HSiEt3-CF3COOH 
Characteristic sum of 
ions >6@ 
Structure type Organic sulphur compounds from the distillate before and after 
hydrogenation, mass percent 
360-410оС (II) 410-450оС (III) 
before after before after 
Sulphides  
68 S R
 
1.8 2.5 - - 
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87 
S
R
 
16.5 24.8 16.2 24.6 
127 
S
R
 
14.2 21.2 13.9 23.2 
167 
S
R
 
5.6 12.6 7.4 15.6 
207 
S
R
 
6.8 12.1 7.6 13.8 
247 
S
R
 
6.1 11.6 7.9 14.3 
Total  51.0 84.8 53.0 91.5 
Thiophenes 
97 
S
R
 
10.4 0.8 6.0 0.2 
135 
S
R
 
4.3 1.0 4.2 0.3 
147 
S
R
 
4.6 0.8 4.5 0.6 
171 
S
R
 
2.9 1.6 7.9 1.4 
197 
S
R
 
4.0 0.5 4.2 0.3 
209 
S
R
 
4.7 2.8 5.5 2.1 
221 
S
R
 
3.5 2.5 4.2 1.2 
247 
S
R
 
6.7 1.0 5.5 0.5 
259 
S
R
 
1.0 0.8 1.2 0.6 
271 
S
R
 
3.9 1.3 2.5 0.8 
110 S R
 
1.5 0.8 1.3 0.5 
160 S R
 
1.5 1.3 - - 
Total  49.0 15.2 47.0 8.5 
 
The dialkylsulphides and alkylcycloalkylsulphides content has increased as a result of hydrogenation, which is 
apparently explained with their generation from 3-alkylthiophenes. The total content of saturated cyclic sulphides 
has increased from 65.7 to 88.3%, among them the content of thiophanes has increased from 29.6 to 41.8%. The 
content of tiaindans has decreased from 7.5 to 6.1%, and their qualitative composition has changed. Thus, in the 
concentrate isolated from hydrogenated distillate the maximum of tiaindans change-length distribution goes to 
unsubstituted structures with С3 radicals, whereas in the initial distillate there are mainly tiaindans with С3 and С4 
substitutes. In the hydrogenation process the significant change of quantitative and qualitative composition of 
alkylthiophenes, benzo- and dibenzothiophenes is observed. Thus, in the initial distillate there are mainly 
alkylthiophenes with С9-С11 substitutes with the maximum С10, and in the hydrogenated distillates there are 
alkylthiophenes with С10, С12 and С14 substitutes. The content of alkylthiophenes has decreased from 12.5 to 0.5%, 
and the content of benzo- and dibenzothiophenes has decreased from 4.5 and 2.6% to 0.3 and 0.8%, respectively, but 
cyclanobenzothiophenes content has changed slightly (table 4). 
The concentrates obtained from the initial high-boiling distillates (II) and (III) contain alkylthiophenes - ∑97, 
135, 147,dinaftobenzothiophenes – ∑171, alkyldibenzothiophenes – ∑197 and condensed polynuclear derivatives of 
benzo- and dibenzothiophenes ∑209, 221, 247, 259, 271. 
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The research results of structural-group composition of concentrates obtained from hydrogenated distillates (II) 
and (III) have indicated the significant decrease in total amount of thiophenes derivatives from 49.0 to 15.2% and 
47.0 to 8.5%, and increase of tiacycloalkanes content from 51.0 to 84.8% and 53.0 to 91.5%, respectively. The 
chain-length distribution maximums in the initial distillate (II) are С17 for tiaindans, С19-С20 for alkylthiophenes and 
С16-С20 for dibenzothiophenes, but in the hydrogenated products the chain-length distribution of characteristic ions 
has maximums С24, С23, С23 corresponding to tiamono-, tiabi- and tiatricycloalkanes, i.e. there is a shift towards 
larger masses. 
In the organic sulphur compounds concentrate of the distillate (III) primary structures of tiacycloalkanes are С23-
С28 with the maximum С26~С27. In other polycyclic compounds С17-С27 prevail. There is a minor shift of the 
maximums upwards in hydrogenation products. 
5. Conclusion 
This paper has displayed for the first time the opportunity of ionic hydrogenation of oil distillates thiophene 
compounds by triethyl silane in the presence of trifluroacetic acid to corresponding sulphides with further extraction 
of sulphur organic compounds concentrates from oil and oil products. The concentrates isolated by sulphuric acid 
extraction from oil distillates are notable for high content of sulphides. 
Prehydrogenation of high-boiling distillates of 360 - 410 0С and 410 - 450 оС leads to more effective results. 
Hereat it is observed an increase of concentrate yield and a rise of total and sulphide sulphur. This fact permits us to 
consider high-boiling distillates of sulphuric oils as a source of sulphide concentrates receiving. 
It has been studied the structural-group composition of oil distillates organic sulphur compounds of 190 - 360 оС, 
360 - 410 оС and 410 - 450 оС before and after ionic hydrogenation with mass-spectrometric method; and it has been 
displayed that the organic sulphur compounds composition changes: tiacycloalkanes content increases, and their 
chain-length distribution maximums shift from the number of carbon atoms towards larger masses. 
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